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ABSTRACT

Introduction: Epidermal growth factor receptor (EGFR) signaling plays an important role in various
cancers, including hepatocellular carcinoma (HCC). We aimed to evaluate immunoexpression of EGFR
in HCC and surrounding non-tumor liver tissue and to correlate it to multiple clinicopathologic data.

Material and Methods: We analyzed 60 patients with HCC for multiple clinicopathologic characteristics
and survival.

Presence of the immunosignal and the percentage of positive tumor cells at the whole tumor tissue sample
and adjacent cirrhotic liver tissue were semi-quantitatively determined.

Results: Nineteen patients (31.67%) were female and 41 (68.33%) were male ranging in age from 31 to
85 years, median 61.88+10.51.

Mean survival time for female patients was 8.86+1.76 months, for male 13.0341.50 months and overall
survival was 11.605141.19 months.

The most patients had: T2 status (41.67%), no enlarged lymph nodes (90%), vascular invasion (63.33%)
and well differentiated (43.33%) tumors.

EGFR immunoexpression was determined in range from 0% to 100% in both tumor and non-tumor tissue
with mean value of 39.58% in tumor and 86.86% in cirrhotic tissue (p<0.00).

Higher percent of tumor EGFR positive cells were found in cases with higher T status, higher levels of
AFP and poorly differentiated carcinoma, but not significantly.

Lower percent of tumor EGFR positive cells were found in patients with vascular invasion and enlarged
lymph nodes, but also not significantly.

EGFR expression in tumor tissue significantly influenced survival of the patients (p<0.05).

Conclusion: The study showed that expression of EGFR in lower percentage of tumor cells was associated
to favorable prognosis, making it a potential prognostic marker and therapeutic target.
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INTRODUCTION

Hepatocellular carcinoma (HCC) represent-
ing the fifth most common cancer and the third
most common cause of cancer related mortality is
a cancer with rising incidence in many countries
in the past few decades [1,2]. HCC is a cancer
that shows different incidence in various regions,
between males and females, ethnic groups and
races. It is a cancer strongly associated with few
well known risk factors as hepatitis B and hep-
atitis C infection, exposition to Aflatoxin B1, al-
coholic liver disease, non-alcoholic liver disease
and other less common diseases as hemochroma-
tosis, alphal-antitrypsin deficiency, autoimmune
hepatitis, some porphyries, diabetes and Wilson’s
disease [2-4]. The occurrence of HCC in most pa-
tients is associated with underlining liver cirrho-
sis, which is a result of long lasting chronic in-
flammation and fibrosis [5].

The liver response to tissue loss due to ne-
crosis is coordinated by cytokines, growth factors
and metabolites [6, 7]. The epidermal growth fac-
tor receptor (EGFR) signalling system is consid-
ered to play an important role in the regenerative
and reparative liver response to the injury [8].

When liver injury and inflammation be-
come chronic the regenerative mechanisms be-
come dysregulated and some genetic alterations
can occur, influencing cell proliferation. Cell pro-
liferation can allow fixation of genetic mutation
leading to development of preneoplastic and neo-
plastic nodules [9-12].

It is considered that EGFR is also involved
in the pathogenesis and progression of different
carcinomas including HCC [13-16]. There are re-
ports in which EGFR expression in HCC is cor-
related to high proliferating activity, poor carcino-
ma differentiation, intrahepatic metastasis and bad
prognosis [17, 18].

Prognosis of HCC depends on many factors
such as the stage of the disease, morphological
features of the tumor, nodal involvement, distant
metastasis, disease recurrence, ability for surgical
resection/transplantation, non surgical therapy
and many others and despite different modalities
of therapy it still remains poor [19].

EGFR targeted therapies, monoclonal an-
tibodies and small molecule tyrosine kinase in-
hibitors have given some benefits in several types
of tumors, including HCC, but new data and re-

search on EGFR are still needed to clarify its role
in HCC carcinogenesis and to offer a base for new
therapeutic strategies and possibilities [19, 20].

Detection of immunoexpression of EGFR
in HCC has not attracted the attention of research-
ers in Republic of Macedonia recently.

The aim of this study is to evaluate immu-
noexpression of EGFR in HCC and surrounding
non-tumor liver tissue and to correlate it to mul-
tiple clinical data and survival of the patients and
pathologic characteristics of the tumor in order to
evaluate the possible prognostic value of EGFR
immunoexpression in patients from Republic of
Macedonia.

MATERIAL AND METHODS

We analyzed 60 patients with histologi-
cally proven HCC, diagnosed and treated at the
University Clinic of Gastroenterohepatology and
the University Clinic of Abdominal Surgery in
Skopje, Republic of Macedonia in a period of 6
years (2010-2016). There were 28 retrospective
and 42 ongoing patients in the analyzed group of
patients.

For the retrospective group we used the pa-
tient’s medical files to find clinical data including
demographic data, ultrasound and/or computed
tomography images and laboratory status, from
which we looked for the Alfa fetoprotein serum
levels (AFP).

For the ongoing patients we made the same
examinations as for the retrospective group of
the patients.

Following parameters were determined by
ultrasound and/or computed tomography imag-
es: the dimension of tumor node, the presence of
tumor emboli in the large vessels, the presence
of enlarged lymph nodes and the presence of cir-
rhosis in the surrounding liver tissue.

Any lymph node with a diameter of more
than 1 cm was considered to be enlarged.

Serological tests for hepatitis B and C in-
fection were performed in all patients. The stage
of the disease was determined according to TNM
classification (AJCC Cancer Staging Manual
2016). All patients were followed up from the
date of HCC diagnosis till 24 months.

During the diagnostic procedure of HCC
at the Institute of Pathology in Skopje, a grade
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of differentiation, micro vascular invasion, T cat-
egory of pTNM classification and the presence
of cirrhosis in the surrounding, peritumoral liver
tissue were determined.

Additional immunohistochemical stain-
ings with an antibody against EGFR (Epidermal
Growth Factor Receptor, Monoclonal Mouse,
Anti-Human, Clone EGFR.25, Leica Biosys-
tems, NovocastraTM Liquid, dilution 1:50) us-
ing Avidin-Biotin immunoperoxidase technique
were made in all tumors (60 cases) and adjacent
non-neoplastic liver tissue observed in 35 cas-
es. For the visualization of the antigen-antibody
reaction, LSAB and En-Vision kit from DAKO
was used.

Presence and distribution of the signal,
membranous and cytoplasmic and the percent-
age of positive tumor cells were evaluated. The
percentage of the stained cells (regardless of the
signal intensity) was semi-quantitatively deter-
mined in the whole tumor tissue sample at the
slide and the whole non-tumor tissue at the slide,
on microscopic fields at x200 magnification.

Two pathologists evaluated the slides sep-
arately in order to obtain objective findings of
the immunoexpression of the EGFR.

Correlations of the EGFR immunoexpres-
sion and above listed clinical and pathological
parameters were made.

For statistical analysis we used statistical
software package Statistica 7.1 for Windows and
SPSS Statistics 23.0, applying: Descriptive Sta-
tistics, Mann-Whitney U Test and Multiple linear
regression. Statistical significance was accepted
when P -values <0.05.

RESULTS

Nineteen patients (31.67%) out of 60 were
female and 41 (68.33%) were male ranging in
age from 31 to 85 years, median 61.88+10.51.

Mean survival time for female patients
was 8.86+1.76 months, for male 13.03+1.50 and
overall survival was 11.6051+1.19 months.

Clinicopathological features of the ana-
lyzed group are shown in Table 1.

Table 1. Clinicopathological features
of patients and their tumors

Parameter No of patients | %

Hepatitis

No hepatitis 18 30

B 35 60

C 6 10

Cirrhosis

No 8 13.33

Yes 52 86,67

Enlarged Iymph nodes

No 54 90

Yes 6 10

Vascular invasion

No 22 36.67

Yes 38 63.33

Grade

GI 26 43.33

G2 27 45

G3 7 11,67

T status

TI 10 16.66

T2 25 41.66

T3 20 33.33

T4 5 8.33

AFP min max
2,10 10000

EGFR immunoexpression was found in
53/60 (88.33%) of the tumor tissue samples and
in 33/35 (94.28%) of non-tumor tissue samples
and was determined in range from 0% to 100%
in both tumor and non-tumor tissue with mean
value of 39.58% in tumor and 86.86% in non-tu-
mor liver tissue (p<0.00) (Table 2).

Table 2. Difference between EGFR expression in tumor
and non-tumor tissue
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All samples of the non-tumor liver tissue
were cirrhotic. Except the 2 EGFR negative cas-
es, the percentage of EGFR positive cells in the
cirrhotic tissue was in range from 70% to 100%



24

Dafina Nikolova et al.

In the tumor tissue the percentage of EGFR
positive cells was in range from 2% to 100% with
more of the cases 31/53 (58.49%) with EGFR
positive cells <50%, and 22/53 (41.50%) cases
with EGFR positive cells from 51% to 100%
(Figure 1).
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Figure 1. @) EGFR membranous and cytoplasmic immu-
noexpression in about 30% of tumor tissue (10x40) b) Ap-
proximately 100% membranous and cytoplasmic EGFR
expression in cirrhotic liver tissue (upper half of the mi-
crophotography) and 0% expression in tumor tissue (low-
er half of the microphotography) (10x20) c) About 90%
EGFR immunoexpression in the hepatocyte of cirrhotic
liver (10x40) d) 0% EGFR immunoexpression in cirrhotic
liver (10x40)

Expression of EGFR in tumor tissue was
membranous in 30/53 (56.60%), cytoplasmic in
3/53 (5.66%) and combined membranous and
cytoplasmic in 20/53 (37.73%) cases. The inten-
sity of the signal was heterogeneous, from weak
to strong, in different cases and in different areas
in the same case.

Higher percent of tumor EGFR positive
cells (regardless of the signal intensity) were
found in patients with Hepatitis B infection,
higher T status, higher levels of AFP and poorly
differentiated carcinoma, but not significantly.

Lower percent of tumor EGFR positive
cells were found in patients with vascular in-
vasion and enlarged lymph nodes, compared to
those who did not have vascular invasion and
enlarged lymph nodes, but also not significantly.

Multiple linear regression analysis with
EGFR as a dependant variable showed that the
greatest influence to the EGFR expression, in
descending order had: vascular invasion (Beta=
-0.35) enlarged lymph nodes (Beta=-0.11), hep-
atitis B infection (Beta =-0.09), T3 status (Beta=
-0.07) and the serum level of AFP (Beta= -0.02).

EGFR expression significantly influenced
survival of the patients, and multiple linear re-
gression showed that with each increase in pa-
tient’s survival by 1 month the EGFR expression
decreases by 1.63% ((B=-1.63) / (95%CI:-2.94
to -0.32) / p<0.05).

DISCUSSION

Molecular mechanisms of oncogenic pro-
cesses have been in the centre of attention of
many researchers in the past few decades. Many
cell signalling pathways are identified having an
important role in tumor pathogenesis [21].

Wnt/B-catenin, VEGF (Vascular endotheli-
al growth factor), FGF (Fibroblast Growth Fac-
tor), MAPK (Mitogen-activated protein kinase),
PI3k/AKT/mTOR (Phosphoinositide 3 kinase/
mammalian target of rapamycin), EGFR (epider-
mal growth factor receptor), TGF-B (transform-
ing growth factor-B) pathway and other path-
ways have been indicated in the development of
many tumors. Understanding molecular mecha-
nisms in carcinogenesis allows development of
personalized target therapies that act directly and
specifically on the components which regulate
tumorigenesis [21].

The epidermal growth factor receptor also
known as ErbB1 or HER-1 is a transmembrane
protein receptor, which is a member of the ErbB
family tyrosine kinase receptors (TKRs) [22]. It
consists of an extracellular, a transmembrane and
an intracellular domain, with tyrosine kinase do-
main and carboxy-terminal tail. Ligands that bind
to extracellular domain of EGFR include epider-
mal growth factor (EGF), transforming growth
factor o (TGF-a), amphiregulin (AR), epiregulin
(EREQG), betacellulin (BTC), heparin-binding
EGF (HB-EGF) and epigen (EPGN) [23-26].

Upon ligand binding, EGFR can form
homo- or heterodimers with other EGFR family
members. Ligand binding activates the intrinsic
kinase domain which initiates complex down-
stream signaling cascades, leading to the activa-
tion of diverse signaling pathways, controlling
predominantly proliferation, differentiation, and
survival [26].

It is considered that EGFR signaling path-
way plays a key role in the liver response to the
injury and that it takes a part in substantial and
extensive crosstalk with other signaling path-
ways, modulating inflammation and cell prolif-
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eration. EGFR signaling pathway acts as a sig-
naling centre for other growth factors, cytokines
and inflammatory mediators [8].

Hepatocytes show high levels of EGFR
[27] and overexpression of various EGFR li-
gands in liver with chronic injury is reported in
experimental animal’s models and humans [28].
It is also reported that EGF expression increases
during cirrhosis and EGFR is overexpressed in
human cirrhotic liver [29, 16], as we have found
in our study.

Epidemiological studies and genetic ex-
perimental models findings of cancer showed
that there was an association between chronic
inflammation and cancer, and that inflammato-
ry conditions were present before a neoplastic
change occurred in some cancers [31]. HCC is
an example of an inflammation related cancer.
Liver inflammation and cirrhosis associated with
liver regeneration after tissue damage caused by
hepatitis infection, toxins or metabolic influenc-
es, are one of the main pathologic mechanisms
of HCC carcinogenesis [5, 8, 10, 12, 28]. Beside
the role EGFR pathway has in the liver response
to the injury its altered activity is involved in the
development and growth of HCC [8, 9, 12, 32].

Overexpression of EGFR occurs in about
40%-70% of conventional HCCs and is associ-
ated with more aggressive liver tumors, metas-
tasis and poor patient survival [17, 18, 21, 26,
32-34]. In our study we found that overexpres-
sion of EGFR significantly influenced survival
of the patients (p<0.05), a finding that is consis-
tent with other authors’ reports.

We have also detected various expressions
of EGFR in both cirrhotic liver tissue and HCC
tissue in high percentage of cases: 88.33% and
94.28% respectively. Two cases of cirrhotic liv-
er tissue and 7 cases of HCC tissue were com-
pletely negative for EGFR immunoexpression.
The immunoexpression of EGFR in tumor and
non-tumor tissue was significantly different with
median higher overexpression in cirrhotic liver
compared to HCC tissue. The range of EGFR
immunoexression in tumor tissue varied widely
from case to case (2% to 100% positive cells)
and was not significantly correlated to clinico-
pathological parameters. However, we found
higher percent of tumor EGFR positive cells
associated with higher T status, higher levels of
AFP and poorly differentiated carcinoma and
lower percent of tumor EGFR positive cells in
patients with vascular invasion and enlarged

lymph nodes, but not significant. Our findings
may correspond to the findings of DeCicco at al.,
who reported that carcinogen-mediated changes
in EGF binding levels are different during the
multistage process of hepatocarcinogenesis, and
while early lesions of HCC show EGFR overex-
pression, advanced and differentiated HCCs tend
to lose their EGFR overexpression [35].

Similar findings of the EGFR immuno-
expression in HCC reported Panvichian R at al.
who have found EGFR immunoexpression in
only 32.5% of the examined cases, but did not
find significant association between EGFR mu-
tations and EGFR overexpression in HCC tissue,
nor tumor differentiation [36].

It is also reported that the overexpression
of EGFR present in the majority of HCCs does
not correlate with an increase in EGFR gene
copy number [33].

Beside the reports in which a correlation
between EGFR expression and clinicopatholog-
ic characteristics of HCC were found there are
studies, like ours, in which the findings did not
show significant correlations [32, 33, 35].

These variations in EGFR expression and
different findings in the EGFR correlation and
clinicopathological characteristics suggest that
EGEFR role in carcinogenesis including HCC car-
cinogenesis is still not completed and its exact
role is unknown.

Recently Ali R and Wendt MK promoted
an “EGFR paradox” hypothesis in which they
propose a change (switch) of EGFR function
in breast primary tumor and metastatic cancer,
with aberrant EGFR signalling initialling onco-
genic transformation and primary tumor growth
but inhibiting metastatic progression in associa-
tion with downregulation of EGFR and shunting
of EGFR away from the cell surface [37]. The
study indicates that more research on EGFR is
still needed in various types of cancer.

The EGFR overexpression that was detect-
ed in many epithelial cancers including HCC [39]
was the reason for developing molecular target
therapies, acting on the components of signaling
pathways [40]. These therapies showed clinical
benefits in some types of cancers, such as breast,
colorectal and lung cancers [21].

Inhibiting EGFR with small molecular
EGFR tyrosine kinase inhibitors and anti-EGFR
antibodies has shown results in cell line and an-
imal studies [26]. Some of them have been ap-
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proved for human use, but the obtained results
did not approve the expectations and only mod-
est effects were achieved [26, 38, 39].

So, HCC remains a complex and hetero-
geneous tumor with a poor 5 year survival rate.
Many patients with advanced disease in which
surgical resection cannot be performed because
of tumor size, location, or because of the pa-
tient’s poor liver function have limited standard
of care [40].

In our study we found that immunoexpres-
sion of EGFR significantly influenced the pa-
tient’s survival. Additional studies, from different
regions and different laboratories are important
for analyzing EGFR expression in patients with
HCC for giving opportunities for developing bet-
ter strategies for molecular target therapies.

Further understanding of liver carcinogen-
esis and molecular alterations may be a base for
developing more effective anticancer therapy for
the patients with HCC.
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Pe3ume

NUMYHOXUCTOXEMHUCKA EKCIIPECUJA HA PELHEIITOP HA EITMJIEPMAJIEH
DAKTOP HA PACT KAJ XEITATOLEJYJIAPEH KAPIIUHOM

Ja¢puna HukonoBa', Buktopuja Yanoscka', Marnanena I'enagneBa Banosa',
Emuiuja HukonoBcka', Anue Boikanoscka!, Hukosia OpoBuaneir’,
CnaBuna Kocragunosa Kynoscka?, Topaana IlerpymeBcka’, Becna JaneBcka®
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Peny6nuka Makenonuja

BoBen: CUTHATHHOT AT Ha PENEnTopoT Ha enuaepManHioT ¢aktop Ha pacT (EGFR) urpa Baxna
yJora Kaj pa3JImyHy THIIOBHU PakK, BKIydyBajKu To 1 xenaronenynapHuoT kapuuaoMm (HCC). LlenTa Ha 0BOj
TPYZ e na ce nporenn nmyHoekcrpecrjara Ha EGFR kaj HCC u Ha 0KOTHOTO HETYMOPCKO TKHMBO U Taa Ja
ce KOpesupa co MOBeKe KIMHUYKO-TIATOJIOLIKH KaPAKTEPUCTHKU U CO IIPEKHUBYBABETO.

Marepujaia u meroau: Arammupasme 60 manuentn co HCC 3a moBeke KIMHUYKO-TTATOIONITKH
KapaKTEePUCTHKH U BO OJIHOC Ha NIPEXKUBYBAKHETO HA MAIIMEHTHTE. JIOTTOTHUTEIIHO, CEMHUKBAHTHUTATHBHO IO
OJIpeJIMBME IPHUCYCTBOTO U MPOIIEHTOT HA IO3UTHBHUTE KIIETKH BO TYMOPCKOTO M BO OKOJIHOTO IIMPOTUYHO
TKHBO Ha [IEJIMOT XUCTOJIOLIKH MPECEK.

Pesynrarn: [lesetHaccer manuentu (31,67 %) 6ea ox xxencku u 41 (68,33 %) maumeHT o Mamku
mmoJ1, Ha Bo3pact momery 31 u 85 rogunu, co cpemHa Bo3pact 61,88+10,51.

CpenHoTO BpeMe Ha ITPEeKUBYBame Kaj xkeHute oeie 8,86+1,76 mecenu, kaj maxkute 13,03£1,50, a
BKymHOTO — 11,6051+1,19 mecenn.

[ToBeketo manuenTu umaa T2-cratyc Ha JoKaneH TyMopckH pact (41,67 %), umaa BacKynapHa
nHBaszuja (63,33 %), nodpo nudepenuupanu TymopH (43,33 %) u Hemaa 3rojemenu TuM§nu jaznu (90 %).

Umynoexcnpecujara Ha EGFR Oeme ogpenena Bo omncer ox 0% no 100 % u Bo TyMOPCKOTO U BO
OKOJIHOTO IUPOTHYHO TKUBO CO CpeaHa BpeaHocT of 39,58 % Bo TyMopckoTo U 86,86 % BO IUPOTHYHOTO
TkuBO (p<0,00).

IToBucok nporienT Ha EGFR mo3utuBHN KiteTku Oetre HajaeH kaj comydante Ha HCC co moBHucok
T-craryc, MOBHCOKO HUBO Ha anda-PeTompoTeHH ¥ TOJIOII0 TUEPEHIINPAH KAPITHOM, HO HEe CHTHU()UKAHTHO.
IToHM30K MPOTICHT Ha TIO3UTHBHU KJIIETKH OCIIIe HajICH Kaj CIIy9JanTe CO BaCKyJIapHa HHBA3Hja M 3TOJICMCHH
TUMQHHA ja3]TH, HO UCTO Taka, HecurHu@ukanTHO. EGFR-excmpecujaTa Bo TyMOpCKOTO TKHBO CUTHHU(HKAHTHO
BIIHjaelle Ha MPeKUBYBameTo Ha manuentute (p<0,05).

3akuydox: OBaa ctyauja nokaxa jeka umyHoekcnpecujara Ha EGFR Bo moHn3ox mponeHT kaj
TYMOPCKHTE KJIETKH € 3[[py»eHa co 1o1o00pa nporuo3a, mrto ro npasu EGFR norennujanen nporuoctuaku
MapKep M TEepaneBTCKa TapreT-MOoJIeKyIa.

Kayunn 360pou: EGFR, HCC, nupo3sa, npexxuByBame, IMyHOXHCTOXEMHja



